Abstract: There have been concerns that systemic corticosteroid use is associated with pregnancy-induced hypertension (PIH) and diabetes mellitus. However, the relationship between inhaled corticosteroids (ICSs) and the risk of PIH has not been fully examined, and there was no study investigating the association between ICS use and the development of gestational diabetes mellitus (GDM). The aims of the study are to determine whether the use of ICSs during pregnancy increases the risk of PIH and GDM in women.
INTRODUCTION

D
rug safety is an important issue during pregnancy. Corticosteroid is one of the drugs that require a special caution for pregnant women to use. There have been concerns that systemic corticosteroid use is associated with worsened pregnancy outcomes including pregnancy-induced hypertension (PIH). 1, 2 Hypertension disorders occur in 6% to 8% of pregnancies and contribute significantly to perinatal morbidity and mortality. 2, 3 The causes of most PIH cases, however, remain unknown. 2, 3 Systemic administration of glucocorticoids increases insulin resistance by reducing glucose transport 4 expression levels and attenuating cell migration, 4 and decreases glycogen synthetase levels, [5] [6] [7] [8] which leads to glucose intolerance and type 2 diabetes mellitus (DM). [9] [10] [11] Gestational DM (GDM) is a significant medical problem during pregnancy. [12] [13] [14] [15] GDM shares not only characteristics with type 2 DM such as insulin resistance but also risk factors, and the majority of women with GDM eventually develop DM after pregnancy. 16 There are concerns that the use of systemic corticosteroids is associated with GDM. 17 Inhaled corticosteroids (ICSs) are delivered to the airways and lungs through respiratory devices. Delivering corticosteroids through inhalation devices is generally thought to be safe in terms of systemic side effects. However, some of the drugs can reach the pulmonary parenchymal tissue and enter the systemic circulation. 18 In fact, studies have reported that long-term use of ICSs may result in adrenal suppression and possibly adrenal crisis when stopped.
For the reasons, there have been concerns that ICS use may be related to PIH development because systemic corticosteroids are associated with PIH.
1,2 However, there have been only a few studies investigating the relationship between ICS use and the risk of PIH. 1, 2, 21, 22 In addition, these studies have several limitations, including small numbers of cases with PIH 22 or only including women with asthma which is a risk factor of PIH, 23 which could attenuate the effect of ICSs on PIH. ICSs can be used for other purposes, including as a trial for postinfectious cough 24 and treatment of nonasthmatic eosinophilic bronchitis. 25 There were several studies reporting that systemic corticosteroid administration in pregnant women at risk of impending preterm delivery to enhance fetal lung maturation increased maternal serum glucose levels, 26, 27 and that the use of systemic corticosteroids is associated with GDM. 17 However, there were few studies that investigated the association between ICS use and GDM.
The purpose of this study was to determine whether or not the use of ICS during pregnancy would increase the risk of PIH and GDM in women with or without asthma through 2 nested case-control studies utilizing a nationwide database.
METHODS
Data Source
We analyzed the database of the Health Insurance Review and Assessment Service (HIRA; Seoul, Republic of Korea), a government agency examining the accuracy of claims for National Health Insurance (NHI) and National Medical Aid in Korea. NHI covers 96.6% of 48.6 million Koreans 28 and the reliability and high quality of the HIRA database is highlighted by the large number of articles that have utilized the data. [28] [29] [30] [31] [32] HIRA database includes demographic variables and all medical services rendered, along with diagnostic codes (International Statistical Classification of Diseases and Related Health Problems, 10th edition, ICD-10) and all prescribed medications. The protocol of this study was approved by the Institute of review Board of the National Evidence-Based Healthcare Collaborating Agency, Seoul, Republic of Korea. Written consent for participants was waived because the study had a retrospective design.
Subject
The cohort included 1,306,281 pregnant women who delivered between January 1, 2009, and December 31, 2011.
We performed 2 nested case-control studies using this cohort. For the first study examining the effects of ICS on PIH, we excluded 13,633 women who were prescribed antihypertensive drugs for 30 days or longer periods either within 1 year prior to pregnancy or 4 to 12 months after delivery from analysis. 2 Antihypertensive drugs included b-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, diuretics, and calcium-channel blockers. Thus, 1,293,648 pregnant women who had no history of hypertension were included in the first case-control study. We defined 43,908 pregnancy-induced hypertension cases and 219,534 matched controls from this cohort.
For the second phase of analysis determining the effects of ICS on GDM, we excluded 37,349 women who were either diagnosed with DM (ICD-10 code E10-14) or prescribed any anti-DM drugs for 30 days or longer either within 1 year before pregnancy or within 1 year after delivery. Anti-DM drugs included sulfonylurea, metformin, meglitinide, a-glucosidase inhibitors, thiazolidinediones, dipeptidyl peptidase-4(DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) analogues, and insulin. Thus, 1,268,932 pregnant women who had no history of DM were included in the second phase of the analysis. We defined 34,190 GDM cases and 170,934 matched controls (to a ratio of 1:5) from this cohort (Figure 1 ).
Definition of Cases and Controls
We defined PIH cases as those with ICD-10 code O11-O15 during pregnancy. Controls without PIH were randomly assigned (up to 1:5) matching age (AE5 years), baby birth date, ICS use before pregnancy, presence of DM, and presence of asthma during or within 1 year before pregnancy. We defined GDM cases as those with ICD-10 code O24.4 during pregnancy. Controls without GDM matching age (AE5 years), baby birth date, ICS use before pregnancy, and/or asthma during or within 1 year before pregnancy were randomly selected up to 5 times of GDM cases. The index date was defined as the date of first assignment of the ICD-10 code. The index date for the controls was defined as the index date for their matching cases.
Exposure to Respiratory Medications Including Inhaled Drugs
Respiratory drugs included ICSs (beclomethasone, budesonide, triamcinolone, ciclesonide, fluticasone, or flunisolide), short-acting inhaled b2-agonists (SABAs; salbutamol, fenoterol, procaterol, or terbutaline), long-acting inhaled b2-agonists (LABAs; salmeterol or formoterol), long-acting inhaled muscarinic antagonists (LAMAs; tiotropium), a combination of ICS and LABA (fluticasone/salmeterol or budesonide/formoterol), systemic corticosteroids (hydrocortisone, cortisone, prednisone, prednisolone, methylprednisolone, triamcinolone, betamethasone, or dexamethasone), and leukotriene receptor antagonists (LTRAs; montelukast, pranlukast, or zafirlukast). Respiratory drug use was defined as a prescription for 30 days or longer period. ICS cumulative doses were calculated as the sum of the prescribed doses converted as fluticasone equivalents. The equivalent doses for inhaled corticosteroids were 100 mg beclomethasone, 50 mg beclomethasone, 80 mg budesonide, 200 mg triamcinolone, 32 mg ciclesonide, 50 mg fluticasone, and 200 mg flunisolide. 28, 30, 33 ICS medication possession ratios (MPRs) were calculated as the total days of prescription for inhaled corticosteroids divided by the 180 days.
Covariates
To investigate the association between ICSs and the development of PIH or GDM, we adjusted age, each disease-associated comorbidity, other concomitant respiratory medication uses during and before pregnancy and healthcare utilization. PIH-associated comorbidities included PIH in the prior pregnancy, chronic kidney disease (ICD-10 code N18 or undergoing dialysis), antiphospholipid antibody syndrome or inherited thrombophilia (ICD-10 code D68.5 or D68.6), vascular or connective tissue diseases (ICD-10 code M05-60 or M32), hydrops fetalis (ICD-10 code P56, P83.2, or O36.2), unexplained fetal growth restriction (ICD-10 code P05-08), hydatidiform mole (ICD-10 code Z35.1, D39.2, or O01 or procedure for hydatidiform mole), and multiple gestation. GDM-associated comorbidities were preeclampsia in the prior pregnancy, prior history of pregnancy, history of GDM(O24) during a previous pregnancy, history of pregnancy-induced hypertension (O11-O15) during a previous pregnancy, history of impaired glucose metabolism (R73), history of hypertension (I10-I15), history of antihypertensive drug use, history of dyslipidemi (E780, 786, 789), and history of polycystic ovary syndrome (PCOS). Concomitant medication use included LTRAs, systemic corticosteroids, and SABAs used during (within 180 days prior to the index date) and before pregnancy (within 180 days prior to pregnancy). Healthcare utilization included visits to obstetricians and visits to pulmonologists during pregnancy.
Statistical Methods
To describe the baseline characteristics of cases and controls, statistics including proportions, medians, and interquartile ranges were used. We also summarized continuous variables into the appropriate categorical variables based on their distributions. Statistical significances were derived from independent t tests for continuous variables and X 2 tests for categorical variables. To investigate the association between ICSs and the development of PIH and GDM, conditional logistic regression analyses were performed. Confounding covariates that showed statistically significant differences between cases and controls and the use of respiratory medications were also included in the multivariable models. Likelihood ratio tests were used to examine the goodness of fit of the model, and no significant lack of fit was found. To explore the dose-response relationship, we initially divided the distribution of the cumulative inhaled corticosteroid dose into <15,000 mg or !15,000 mg. Adjusted odds ratios (aOR) were presented with 95% confidence intervals (CI) and P values. A P value of less than 0.05 was regarded as statistically significant, and all statistical analyses were performed using SAS, version 9.2 (SAS Institute, Cary, NC). Table 1 shows the characteristics of cases and controls. Table 2 shows the respiratory medications used by cases and controls. Eighty-seven pregnant women were prescribed respiratory drugs. PIH patients exhibited higher ICS MPRs, higher ICS cumulative dose during pregnancy, and higher ICS cumulative dose within 6 months before pregnancy compared with controls. ICS use within 180 days before the index date was significantly associated with increased odds of PIH (model 1: aOR, 1.33% [CI, 1.02-1.72]) after adjustment for other concomitant respiratory medication during pregnancy ( Table 3 ). The statistical significance was no longer present in the analysis adjusting for other concomitant respiratory medication use during pregnancy, age, associated comorbidities, healthcare utilization, and respiratory medication use before pregnancy (model 3). ICS MPRs >0.3 and ICS cumulative doses over 15,000 mg were also significantly associated with an increased risk of PIH, which remained statistically significant in model 3.
RESULTS
Effects of ICSs on PIH
Effects of ICSs on GDM
The frequency of respiratory medications including ICSs was not different in cases and controls as shown in Table 2 . The use of ICS within 180 days before the index date was not significantly associated with an increased risk of GDM, and this lack of association remained significant after adjustment for confounding covariates in different multivariable analysis models. ICS use was significantly associated with a lower risk of GDM in certain models (ICS MPR 0-0.3 vs. 0; aOR, 0.80; 95% CI, 0.61-0.95; P ¼ 0.017 after adjustment for other concomitant respiratory medication, age, associated comorbidities, and healthcare utilization (model 2)) ( Table 4 ).
DISCUSSION
Our nationwide nested case-control studies showed that ICS use is not associated with the risk of PIH and GDM. However, after adjustment for other concomitant respiratory medication, ICS use significantly was associated with increase in the risk of PIH, although this association was no longer significant in other multivariate models. There was also a statistically significant dose-response relationship between Model 2: Adjusted by other concomitant medication used during pregnancy (LTRA, oral corticosteroids, SABA), age, PIH in a previous pregnancy, chronic kidney disease, antiphospholipid antibody syndrome or inherited thrombophilia, vascular or connective tissue disease, diabetes mellitus, hydrops fetalis, unexplained fetal growth restriction, hydatidiform mole, multiple pregnancy, and health care utilization. Model 3: Adjusted by other concomitant medication used during pregnancy (LTRA, oral corticosteroids, SABA), age, PIH in a previous pregnancy, chronic kidney disease, antiphospholipid antibody syndrome or inherited thrombophilia, vascular or connective tissue disease, diabetes mellitus, hydrops fetalis, unexplained fetal growth restiction, hydatidiform mole, multiple pregnancy, health care utilization and medication before pregnancy (ICS/LABA, ICS MPR, ICS cumulative dose, LTRA, oral corticosteroids, SABA). significant differences in obstetric outcomes including PIH between inhaled beclomethasone group and theophylline group. 22 A larger nested case-control study using administrative databases in Quebec demonstrated that ICSs did not increase the risk of PIH. 2 However, these studies have several weak points in supporting the neutral effect of ICSs on PIH. First, each study included only pregnant women with asthma. Because asthma itself increases the risk of PIH, 23 the effects of ICSs, which are the principal asthma-controller medications, on PIH could have been weakened. Our nested case-control study using a nationwide database included all pregnant women with or without asthma. Second, several studies had only small numbers of PIH cases. 21, 22 Our study analyzed more than 40,000 cases with PIH. Third, although previous studies did not find any statistically significant increases in PIH risk among ICS users, the majority showed trends that ICSs increase the risk of PIH. We also showed that no significant increase in the risk of GDM was observed among pregnant women who were prescribed ICS. These results could be explained by various factors. First, unlike systemic corticosteroid treatment, ICSs may have little impact on serum glucose levels. 34 Although several studies reported a positive association between ICS and DM, [34] [35] [36] [37] [38] [39] other studies found contradicting results. 34, 36, 37, 39 Second, a relatively short duration of ICS treatment during pregnancy (at most 10 months) could be associated with fewer effects. In fact, studies showed that total systemic glucocorticoid dose and duration could influence glucocorticoid-induced hyperglycemia. 9 However, it remains unclear whether or not ICS dose and duration are significantly associated with the development of hyperglycemia. An analysis evaluating randomized trials conducted over 4 years did not find any significant relationship between DM/hyperglycemia and ICS. 36 Our study has several advantages. Most of all, as it was based on a nationwide insurance claims database, the likelihood of selection bias is minimal 28 and relatively great number of cases could be used. Also, because we included not only women with asthma but also nonasthmatic pregnant women, the possibility of masking the risk of PIH by asthma itself, as mentioned above, was avoided. 23 In addition, a large prospective cohort study showed that severe asthma is significantly associated with GDM in multivariate analysis, 40 which suggests that asthma may also be a risk factor for GDM. Therefore, the effect of ICS on GDM may have been also weakened in an analysis only with asthmatic women. Furthermore, various possible confounders including drugs used during and before pregnancy and comorbidities were adjusted in the multivariate analyses for a better examination of the relationships between ICS use and the risk of PIH and GDM.
We should acknowledge limitations. First, the definitions of PIH and GDM were based only on ICD-10 codes. However, thanks to the coverage of national health insurance, almost all pregnant women in Korea undergo PIH and GDM screening during pregnancy. In fact, there was no difference in the number of visits to obstetricians between cases and controls in our studies. Second, third, we could not find the exact biological mechanism by which ICS increase the risk of PIH. Vitamin D deficiency might be a link. It has been reported that glucocorticoid use is associated with low 25-hydroxyvitamin D levels, 41 and that low vitamin D levels are associated with the risk of preeclampsia. 42 Our data should be applied cautiously to the management of pregnant women with asthma. The use of ICSs may reduce the risk of exacerbation among pregnant women with asthma without an increase in adverse pregnancy outcomes. 43 Therefore, 1 guideline stresses that it is safer for pregnant women with asthma to be treated with asthma drugs than to have asthma symptoms and exacerbation. 44 We do not think that ICSs should be avoided due to the risk of PIH based on our study. Our study included all pregnant women with or without asthma because asthma itself has been regarded as a risk factor for PIH. 23 In addition, we also could not identify the population most prone to the risk. However, our results can be summarized in a statement that although few drugs have definitely proven teratogenic in humans, no drug can be considered completely safe. 45 In conclusion, our nationwide nested case-control studies showed that ICS use is not associated with an increased risk of PIH and GDM. However, the possibility of increased risk of PIH by ICS could not be excluded. Further studies are needed.
